INTRODUCTION
As part of a standards revision process, the purpose of this study was to revise our previous estimates of the risks of silicosis and lung cancer associated with exposure to silica dust at the current concentration levels in Australia or, at most, at a level of 0.05 mg m -3 in the light of new research published since our previous study. The risk estimates were then translated into predicted numbers of cases of :these diseases to obtain an assessment of the magnitude and significance of the occupational health problem related to silica on a national level.
MATERIALS AND METHODS
We used the general methods previously described by Nurminen et al. (1992) with different risk functions and exposure unit conversion factors based on more recent data.
RESULTS

Silicosis
To estimate the parameters of the risk function we used the study of Hnizdo and Sluis-Cremer (1993) which fitted a log-logistic survival model to cohort data of 2235 white South African gold miners. The empirical risk function in this study was very similar to that obtained by Steenland and Brown (1995) in a cohort study of 3330 gold miners from South Dakota. The Hnizdo model used cumulative total respirable dust level as the "time" variable and respirable silica was assessed to constitute 30% of the total respirable dust. The model used was Ra (LD,,) = 1 -[1 + {LDa} t/~ exp {-tt/o}] -t where: Ra = risk in age category a; L = exposure level mg m-3; D~ = duration of exposure in age category a(y); LDa = cumulative respirable dust exposure mg m-3.y = cumulative respirable silica expoSUre/0.3; ~t = 2.439, o = 0.2199. Table 1 shows the average lifetime risks and the expected number of silicosis cases per year computed according to the Hnizdo and Sluis-Cremer model compared with the results for three or more X-ray reader agreement according to the Canadian (Muir et al., 198% 1991) ingly many more predicted cases, especially at the higher exposure levels. Some reasons for the large difference in the two models have been discussed by Rice and Stayner (1995) . They include physicochemical differences in silica particles; exclusion of retired miners from the Canadian study; differences in the definition of radiographic silicosis; differences in methods used to estimate exposures; errors in exposure estimates; use of aluminium dust as a prophylactic agent in Canada and possible blocking effects on quartz toxicity by other components of dust, with a greater effect in Canada. However, the fact that the South Dakota study agrees very closely with the South African suggests that the Canadian study provides an underestimate of the risk of silicosis.
The preceding risk model assumes, first, that silica dust is a necessary cause of silicosis. In other words, there is no risk (R = 0) if there is no cumulative exposure (L = 0 or D = 0). Second, it is the product of level and duration (LD) , that determines the risk and not the intensity of exposure in itself. However, several additional assumptions are necessary to predict realizations of risks in terms of numbers of people sustained.
Suppose that a dynamic population is being followed. The industrial population has a turnover in membership as new employees enter the labor force and others retire, but the population profile is unchanging over time (stationary) with respect to its distribution of (i) size of age groups, and (ii) duration of exposure. Suppose also that the age distribution is that of a general, employed male population, that the members of the population remain exposed to a constant intensity of silica dust while in a particular job and that the exposure ceases upon retirement, whereby the retired ex-workers are no longer at risk of silicosis progression. Finally, the hypothetical period of follow-up is extended over 40 years, corresponding to the maximum duration of employment in a worker's life (of which, on the average, 14 years is spent in exposed work).
The expected number of silicosis cases (E) was thus computed as E = S. T. I, 9 where S stood for the size of the industrial subpopulation, Twas the follow-up time (y) and I was the incidence rate of silicosis (in units of cases per year). This rate was considered a weighted average of the age-specific incidence densities, la (a = 20-24 years,... , 60--64 years); that is, I = ZaW~I,, where the weights were defined as W = N~FJZ~NaF~ (Z~W~ = 1). Here N, was the number of the male resident population of New South Wales (NSW) on 30 June 1986 in the ath age category and Fa was the fraction of the corresponding population employed in 1989-1990.1~ was solved from the relation between incidence density and cumulative incidence rate, which was used as an estimate for risk; specifically, R, = 1 -exp(-I~D,) or la = llDa loge (1 -R,~). When silicosis risks were small, a reasonably accurate approximation was Ia = RJDa. The total expected number of silicosis cases was then obtained by summing over the 665 industrial or occupational subpopulations associated with a nonzero exposure intensity. Results could be expressed as number of cases over 40 years or average number per year, or as lifetime risks.
Lung cancer
In the case of cancer of the bronchus, trachea and lung, the risk was assessed in terms of excess numbers over the age-specific incidences among NSW male residents in 1984 on the basis of the statistics of the NSW Central Cancer Registry.
The gradient in the risk ratio (RR) for a unit increase of 10 3 respirable surface area (RSA) particle-years (Y), standardized for smoking, year of birth and age, was estimated from the South African gold miner material by a proportional hazards model as RR = 1.023 r. In these data, the combined effect of dust and smoking was more than additive and it was assumed to be multiplicative so that the proportionality of hazards would apply. The 95% confidence limits for RR, again based on the gold miner data, were computed as 1.005 r (lower limit) and 1.042 r (dpper limit).
We have revised the conversion factor used in converting the dust exposure measurement used in Hnizdo and Sluis-Cremer (1991) to give the smoking adjusted dose-response relationship between silica and lung cancer. Hnizdo and SluisCremer use a cumulative dust exposure measure of RSA particle count (particles/ cc) • shift length in hours • years. To convert this to respirable mass of silica in mg m -3 we relied largely on the data of Beadle (1971) for stopers/developers and assumed that the fraction of respirable quartz in respirable dust was 0.3. We did not divide the respirable mass figure by shift length (4-8 h) because we felt that the mean respirable quartz value for stopers/developers which would result (0.05 mg m -3) would be unbelievably low and inconsistent with the mean value of 0.2 mg m -3 quoted by Beadle and Bradley (1970) .
We also had available grouped side-by-side RSA and gravimetric silica directly measured data in 95 paired samples. Analysis of these data gave a conversion coefficient of 1 mg m -3 respirable silica = 3822 RSA (linear regression through origin), (r = 0.96). There was more scatter in the ungrouped data (r = 0.34). This reassured us somewhat that the conversion factor based on the larger data set (n = 646) was reasonable. It now appears that the RSA data in this set had not been multiplied by shift length as we had assumed.
Quantitative risk assessment for silicosis Further recent correspondence now suggests that Beadle's gravimetric data was too low, due to the omission of a factor of pi (3.1416 . . .) and other incorrect geometric and density assumptions in the calculation of mass from surface area. Thus our conversion, based on the Beadle data, omitting the factor of average shift length but not taking into account the errors in the opposite direction, gave an erroneously low figure for the RSA corresponding to 1 mg m -3 respirable silica. When corrected the conversion should become, approximately: 1 mg m -3 respirabie silica = 8000 RSA h.
If the fraction of silica in total respirable dust in the South African data is higher than 0.3 as suggested by Du Toit, this would tend to reduce the magnitude of this error and bring the conversion factor closer to that used in our previous estim~ates.
There are several assumptions germane to the preceding risk ratio model for lung cancer. First, the reference level of RR = 1 is attained with Y = 0 in the preceding risk function. Second, an increase in RR by a given intensity of exposure (dust level) is proportional to (average) duration of exposure and vice versa. Third, the RR increases monotonically with exposure at a constant level and remains constant after the cessation of exposure. Fourth, and most importantly, we assume that silica exposure per se is related to human lung cancer, independently of silicosis. The excess number (E) of cancer cases was computed as E = S.T. Za(RRa -1)
W,~I,,, where la was the five year age-specific incidence of lung cancer and the summation was from 20 years onwards. Note that, if RR = 1, then E = 0. The total excess number was then obtained by a tally of the cases in the 665 industrial or occupational subpopulations with a nonzero exposure level. Results could also be expressed as average excess cases per year or as lifetime excess risk. Results are shown in Table 2 .
